seed and while it becomes adjusted to an independent life. The second conspicuous departure of the growth curve is during the period of sexual reproduction of the plant. Since no evident connection between fluctuations in the external environmental factors and alteration in the growth rate during reproduction could be found (14, 15, 3) , one is forced to conclude, as the authors were, that subsidiary minima (x, y) and maxima (& ?) of the curve are due to internal causes.
It is my object to call your attention to these induced "disturbing" effects on growth and development in plants during the time of sexual reproduction. An attempt will be made to distinguish certain phases in the physiology of reproduction and to correlate these with definite stages in the morphogenesis of flowers and fruits. This discussion will be preceded and accompanied by several references to experimental data.
In his studies with the tomato (Lycopersicon esculentum) the writer has demonstrated (21, 23 ) that under all types and with very extreme types of nutrition the presence of a relativity large crop of fruits results in retarded vegetative development. This was found to be particularly true when the plants were subjected to a restricted nitrogen supply. Those on a low plane of nitrogen nutrition were completely inhibited in further growth by a single small fruit. The terminal growing point was often obliterated, the fruit becoming the "tip" of the plant as it were. But a timely removal of the fruit resulted in a complete recovery of vegetativeness and a subsequent normal growth a foot or more in length. On this new portion of the stem flowers again were produced, which, when fertilized, usually set fruit ( fig. 2) .
A similar situation, only on a larger scale and hence more conspicuous, was exhibited by nitrogen-high plants. These Continuing these investigations in further detail it was fouiid (24) that tomato plants absorbed the greatest quantities of soil nutrients and synthesized the largest amounts of organic substances when fertilization (gametic union) was permitted but fruit was not allowed to develop too far. Thus fertilization and the subsequent presence of embryos exercised, during a certain period, a beneficial influence both on the vegetative parts above ground and on the root system. These conclusions are based on chemical analysis of whole plants, treated and normal specimens being grown in an identical environment. Stimulation due to sexual reproduction apparently went beyond the reproductive organs.
These results with the tomato are in complete agreement with those secured with cotton by MASON (17, 18) , who observed a marked retardation in growth of both the central stem and lateral branches during flowering and fruiting. The rate of elongation of the main axis of the plants decreased in exact proportion to the amount of flowers formed and fruits set. When fruits were present, a conspicuous shedding of the immature flowers was also noted in the cotton. A similar observation had been made somewhat earlier by EWING (8) , who adds that after the close of the first fruiting season, and when most of the fruits had attained a mature stage, "second growth" is developed resulting in new flowers and fruits. When flowers were removed at the time of shedding, the plants attained a much larger size and the total number of flowers was almost doubled.
Since then my attention has been called to the very interesting studies by EGOROV (7) and TARANOVSKY (28) An important feature during this period of development of an annual is the transfer of organic substances from the stem and foliage to the rapidly growing fruits and seeds. This, however, should have no detrimental effect on the metabolism of a plant, since the removal of the end products usually leads to a greater efficiency of physiological processes. Another very conspicuous and most significant change is the onset of yellowing of the leaves and other organs of the plant, resulting most likely from disintegration of the chloroplasts. Apparently the seeds and associated tissues draw not only on the food reserves but also on some necessary substance or substances that constitute a part of the living portion of the cell and are indispensable to the life of the chloroplasts. Thereby the very mechanism of organic synthesis is disrupted or totally destroyed and the organism perforce must die, save for the embryos and tissues closely associated with them.
Naturally, one must assume that such a condition is initiated only wheni the need of the reproductive organs for certain substances exceeds the current supply. The existing vegetative structures would thus be torn down to make available the necessary ingredients. Analogous instances may be found in the destruction of parental tissues by the animal embryo in case of some important metabolic deficiencies.
Considering this situation and thinking primarily of the soil nutrients which find their way into the seed, EGOROV (7) has expressed the opinion that the real cause of the senescence and death of an annual plant is the loss of magnesium by the chlorophyll. This idea seems to be based on a very abrupt kind of reasoning: Seeds absorb large amounts of the ash ele-ments from the vegetative structures, including a comparatively high percentage of the total amount of magnesium present in the plant. And since according to WILLSTXTTER, Mg appears to be the only mineral element present in the chlorophyll molecule, the disruption of the chloroplasts at the time of yellowing of leaves is due to this (assumed) loss of Mg. It is doubtful that this is what actually happens. The disruption of the photosynthetic apparatus does not necessarily require the direct destruction of the chlorophyll molecules. This may happen more likely as a result of the removal of large quantities of some organic substances, such as the nitrogen compounds, from the protoplasm, which is an indispensable part of the living environment for the proper functioning of chlorophyll. Neither can we accept the postulated idea that "the primary cause of the death of an annual that has flowered is the considerable loss of water at the time of flowering, which results in a decrease in assimilatory capacity of the leaves and their gradual dying" (1). The loss of water is not the main cause, but a subsequence of some primary influence on protoplasm in the internal physiological readjustment of a plant during sexual reproduction. In many annuals such as the cereals, where flowering lasts but a few hours, and other related processes follow in equally rapid succession, one may easily mistake and substitute one of the more conspicuous effects for the less evident cause.
There is hardly any doubt that large quantities of nitrogen are required for the development of floral structures but especially for the subsequent growth of fruits and seeds. Several investigators (29, 11, 6, 16) sented already. In all such plants, vegetative growth usually is curtailed or ceases entirely when a maximum set of fruits or seeds is obtaining. Some of the lower leaves may even be lost in this drain on the food supply by the organs of reproduction. But unless the plant becomes completely exhausted, there is, however, a recovery and resumption of vegetative development after the maturing of the first lot of fruits. Under favorable conditions of nutrition several such recurring cycles of vegetation and reproduction are commonly exhibited by such plants. Moreover, when they become large and branched the effect may become localized to a considerable degree, the fruit drawing on the available food supply primarily in that part of the plant nearest to it.
The lignified perennials present a somewhat difficult situation for analysis. This complexrity is due largely to the presence of relatively large amounts of storage products of diverse type and a pronounced indepenidence of various parts of the tree. In this respect many fruit trees, for instance, should be regarded not so much as individual plants but as rather loose (metabolically speaking) aggregates of independent and competing units (9) . That fruiting has a dwarfing influence on the apple tree has been pointed out on several occasions (9, 22) , but a still more pronounced effect of fruit production seems to be on its subsequent behavior. Heavily bearing trees often do not yield fruit in the following season and may require several years for a complete recovery from an excessive crop. The cyclic flowering and seed bearing of many perennials is a well known phenomenon. This behavior has a direct bearing on the fact that trees utilize for fruit production a large part of the available organic substances, particularly those containing nitrogen. After a year of heavy bearing not only is little stored, but the accumulated reserves of previous years may be heavily depleted. Nitrogen seems to play a very significant role in this phase of metabolism of woody plants, especially in the deciduous fruit trees; hence the emphasis on the use of nitrogen fertilizers in the orchard.
Recent studies by the writer (22, 27) on the nitrogen and carbohydrate distribution in organs of the bearing apple spur seem to emphasize once more the importance of nitrogen for reproduction. It was found that during flowering and fruit bearing the reproductive organs dominate the metabolism of the spur system and adjoining tissues. Flowering of the apple is characterized by a rapid increase in all active forms of nitrogen, which are moved from other parts of the tree to the flowers and subsequently to the fruits where large quantities eventually accumulate in the seeds. Concomitantly there is a corresponding decrease of N in the storagte organs. It has been often observed, likewise, that heavily bearing branches of fruit trees shed their foliage much sooner than branches without or with but few fruits. Thus in this, as in many other respects, trees do not seem to differ essentially from other plants.
Another aspect of the effect of sexual reproduction on metabolism has been pointed out on several occasions and has received at least a cursory consideration. Returning to fig. 1 , attention is called once more to the conspicuous departure of the growth rate curve (A) as indicated by the two subsidiary minima (x and y) which precede the time of appearance of the male and female flowers respectively. While some doubt has been expressed (2) whether two or only one such depression occurs, also respecting the exact time of appearance of these decreases in growth rate when considered in relationship to the period of flower development, most investigators seem to agree that they are apparent in maize and probably other cereals.
The immnniediate cause of this depression in accumulation of dry matter, according to some (2, 3, 1) , is an increased respiration; while others (2) believe that it may result from a decreased water content of the assimilatory tissue, especially the leaves. In either case, it is supposed to be of internal origin (3, 2) . Whatever might be the physiological processes that are instrumental in bringing about this conspicuous decrease in the growtlh rate, a fundamental initial cause must precede these. The writer ventures the suggestion, hypothetical as it may appear, that if such depressions in growth really occur before anthesis, then they may have some connection with the reduction division of the chromosomes preparatory to spore formation. It must be emphasized most forcibly, however, that this still uncertain effect of sexual reproduction is of an inleomparably minor consequence than the aforementioned other two.
A special phase of the writer's investigations in the physiology of reproduction of plants has been an inquiry into the effects of seed development on the subsequent behavior of flowers. The disturbing influence of the presence of fruits on flower performance in the tomato has been referred to already. A favorable material for such a study is the spider flower (Cleomne spinosa). This vigorous annual produces fruits intermittently.
Sterility in this case is due primarily to the periodic abortion of pistils. By submitting a large number of plants to various experimental treatments, it was soon discovered that the developing seeds were responsible for the reduction in growth of the female reproductive organs. Undoubtedly the rapidly growing seeds were able to monopolize the organic food supply to the detriment of the flowers situated immediately above them. A timely removal of the fertilized pistils or young seed pods promptly stopped this drain and, as a consequence, all flowers developed normally and were fertile (25, 26 1926.
